We first review the methods for determining γ from B → DK decays that appeared after CKM 2008. We then discuss the theoretical errors in γ extraction. The errors due to neglected D−D and B d,s −B d,s mixing can be avoided by including their effects in the fits. The ultimate theoretical error is then given by electroweak corrections that we estimate to give a shift δγ/γ ∼ O(10 −6 ).
Introduction
It is exactly 20 years ago since Gronau in two papers with London and with Wyler pointed out that the interference between b → cus and b → ucs transitions can be used to obtain the CKM weak phase γ [1, 2] . The interference between B → DK and B → DK arises, if both D and D decay to a common final state f (cf. Fig. 1 , which also defines our notation). What makes this approach very powerful is that there are no penguin contributions and therefore almost no theoretical uncertainties, with all the hadronic unknowns in principle obtainable from experiment.
Different methods can be grouped according to the choice of the final state f , which can be (i) a CP-eigenstate (e.g. K S π 0 ) [2] , (ii) a flavor state (e.g. K + π − ) [3] , (iii) a singly Cabibbo suppressed (e.g. K * + K − ) [4] or (iv) a many-body final state (e.g. K S π + π − ) [5] . There are also other extensions: many body B final states (e.g. [6, 7, 8, 9] , D 0 * in addition to D 0 (taking care of a sign flip in the use of D * [10] ), self tagging D 0 * * [11, 8] or neutral B decays (time dependent and timeintegrated as well as B 0 and B s ) can be used [12, 13] . In this write-up we will review only the methods to extract γ that appeared after the CKM2008 conference (for older methods see, e.g. [14] ). In the remainder we will then focus on the theoretical errors.
New method(s) since CKM2008
When we talk about a "method" to extract γ this really just denotes a subset of final states allowing for the extraction of this weak phase. This may appear as a not very sensible way of approaching the problem, since combining as many final states as possible increases our sensitivity to γ. However, splitting them in terms of "methods" can also be benificial. It offers a possibility to check for systematics or even search for New Physics.
Most of the methods date to the 1990s and early 2000s [14] , with some development also in the last two years. Since 2008 a new set of methods using multibody B 0 → DK + π − modes has been worked out in Refs. [7, 8] [1, 2] does not need a CP-odd D → K S π 0 decay, which would be difficult for LHCb. Compared to quasi two-body B 0 → DK * 0 decays one thus achieves at least 50% better sensitivity to γ [9] . In Ref. method [5] was demonstrated for the double Dalitz plot analysis
Using reasonable models for the poorly known
Dalitz plot the authors estimate that 20 annual yields of LHCb would lead to an O(1 • ) error. All these methods are statistics dominated at present, so it is natural to combine them into a global fit to γ. At the end, we are really interested in γ. And for this one gains more then just statistics when combining different channels. For different D decays in B → (f ) D K the B system parameters are common and this leads to additional gain. For N D different D decay channels and N B different B decay modes one has ∼ N D N B measurements, while there are only ∼ N D +N B unknowns. Because of this quadratic increase of measurements compared to the linear rise of unknowns, the combined analysis will always win over the separate methods in the precision of extracted γ (or even over combining later the results on γ from different methods).
However, splitting the data into subsets provides us with a way to check for systematics or search for New Physics. In fact, the way γ extraction is implemented at Belle and BaBar now, it already is an automatic test of NP contributions in decay amplitudes. Consider the case where the decay amplitudes get modified by an extra contribution with a new strong phase δ B and a weak phase γ
This means that for B + and B − we have different r B
Having r B − = r B + would signal a NP contribution to the B → DK amplitude. The nice thing about this check is that BaBar and Belle already measure all the necessary ingredients, since they have mapped the problem of measuring γ to the problem of measuring x ± = r B cos(γ ± δ B ), y ± = ±r B sin(γ ± δ B ). The sign of NP would then be
Of
3 Theory errors on extracting γ
The determination of γ from B → DK decays is theoretically extremely clean since these are pure tree decays. In this section we estimate the theoretical errors inherent to the method, and thus the ultimate precision one can hope to achieve. The largest uncertainty is due to the D − D mixing, which we neglected so far, because it is still very small. In SM D − D mixing is CP conserving to a very good approximation, with the mixing phase θ ∼ O(10 −4 ), while the effect on γ is O(x 2 , y 2 ) [16] . Here The effect is potentially larger, if D decay information is coming from entangled ψ(3770 → DD) decays, i.e. if one uses information from CLEO and BES-III [18] . The difference is that in entangled D decays the time integration interval is t ∈ (−∞, ∞), while in B → DK decays the time integration interval is t ∈ [0, ∞). As a result the shift in γ now starts at first order in mixing and is thus linear in x D , y D . Even so, the shift in γ is still small, ∆γ 2.9
• . It is even smaller, ∆γ 0.2
* → Dπ and the entangled decays are used only for the determination of the interference terms. Most importantly, by simply modifying the equations the D − D mixing effects can be included exactly, if x D , y D are precisely measured [17] . Similarly, for γ extraction from untagged B s → Dφ decays the inclusion of ∆Γ s can be important and can be achieved once ∆Γ s is well measured [19] . The remaining SM theory error then comes from higher electroweak corrections. This error is not so easy to get rid of using just the experimental information and may well represent the ultimate precision of the approach. Not all electroweak corrections matter though -the important ones are the corrections that change the CKM structure. For instance, vertex corrections and Z exchanges do not affect the γ extraction. The corrections from box diagrams, Fig. 2 , on the other hand, do carry a different weak phase than the LO. For (cb) L (su) L operator the relevant corrections carry a weak phase. The leading correction is
For (ub) L (sc) L operator the relevant contributions have a weak phase different from γ. The leading correction is (note that terms with intermediate top are power suppressed)
This contribution dominates the irreducible theory error on γ with δγ/γ ∼ O(10 −6 ). Before reaching this level of precision, of course, many practical obstacles need to be met, both experimental and theoretical. One important question would for instance be the description of electromagnetic corrections. Ignoring these difficulties let us nevertheless dream of what one could do with such a precisely measured γ. How high are the NP scales one could probe? Assuming MFV one can probe Λ ∼ 10 2 TeV, while assuming general flavor violating (FV) NP one can probe Λ ∼ 10 3 TeV. The reason for such high scales is the small theoretical error on γ from B → DK. It can be potentially by far the most precise probe of (N)MFV, as shown in Table  1 . The downside is the immense amount of data one would need, ∼ 10 18 BB pairs. Also, the measurement of γ by itself means nothing. One needs an overconstrained system in order to test SM, so for the precision test of KM mechanism one needs three independent observables (to measure, e.g. ρ, η and another one for the test).
In conclusion, γ extraction from B ± → DK ± offers a theoretically very clean Table 1 : The ultimate NP scales that can be probed using different observables listed in the first column. They are given by saturating the theoretical errors given respectively by 1) δγ/γ = 10 −6 , 2) optimistically assuming no error on f B , so that ultimate theoretical error just from electroweak corrections, 3) using SM predictions in [20] , 4) optimistically assuming perturbative error estimates δβ/β 0.1% [21] , and 5) from bounds for ReC 1 (ImC 1 ) from UTfitter [23] .
measurement of SM CKM phase, where irreducible error comes from electroweak corrections and is estimated to be δγ/γ ∼ O(10 −6 ).
